ABSTRACT Bemisia tabaci (Gennadius) (B-biotype) was introduced in the Caribbean in the late 1980s. This new pest drastically changed plant protection management in this region, because of direct damages on cucurbits and transmission of numerous begomoviruses on tomatoes and beans. Parasitoids have been reported for the A-biotype B. tabaci and other species of whiteßies. After the introduction of the new biotype, a few additionnal surveys of associated parasitoids were conducted. To assess the importance of the parasitoid complex of B. tabaci in a Caribbean island, we monitored the parasitoid populations in Guadeloupe in three locations that varied by climatic and agroecological conditions. Three host-plants species were sampled monthly continually for parasitized B. tabaci nymphs during 4 yr. Different phenologic stages of the host plants were present throughout the study. The nymphs were reared in laboratory, and data on the emerging parasitoids and whiteßies were recorded. In every locality, the most common species was Encarsia sophia (Girault and Dodd). This species was not recorded in Guadeloupe before 1997, and it may have displaced other parasitoid species. The greatest diversity and efÞciency of parasitoids occurred in agrosystems including diverse crops on small plots, with little pesticide use and with the proximity of a natural forest. Species of the parasitoids composition changed during the 4 yr of the study, suggesting a progressive adaptation of the indigenous parasitoid fauna after the introduction of E. sophia.
BEFORE THE APPEARANCE OF the B-biotype sweetpotato whiteßy, Bemisia tabaci (Gennadius), in the New World, the parasitoid species of B. tabaci were reviewed mainly on cotton in the Americas, Europe, and Asia by Gerling (1986) and Lopez-Avila (1986) . It was shown that the new B. tabaci biotype greatly differed from the previous ones, mainly in terms of biological vigor, hostÐplant spectrum, and ability to transmit viruses (Markham et al. 1994 , Schuster et al. 1996 ; hence, it is possible that the status of its parasitoid complex may differ compared with the previous biotype. Surveys or quantitative studies of B. tabaci parasitoids were carried out in continental Latin America and Caribbean islands (Castineiras 1995 , Bogran et al. 1998 , as well as in the southern United States [Florida , McAuslane et al. 1993 , Stansly et al. 1997 , Texas (Riley and Ciomperlik 1997) , and South Carolina (Simmons 1998) ]. Among those areas, abundance and parasitism varied but were predominantly from Encarsia and Eretmocerus (Hymenoptera: Aphelinidae). These surveys were carried out on different crops and weeds but were often limited in time. Abundance and effectiveness of parasitoids are often linked with whiteßies population dynamics, which itself depends greatly on hostÐplant species (Headrick et al. 1996) , phenological stage (Riley and Ciomperlik 1997) , and genotype of the plant (McAuslane et al. 1994) . It is therefore difÞcult to assess the importance of natural enemies in systems where all these factors are variable. In Guadeloupe (Lesser Antilles), B. tabaci was very rare until 1991; this date corresponds to the appearance of new viral symptoms on tomatoes (Hostachy and Allex 1993) ; B-biotype B. tabaci was probably introduced at that time. It was formerly identiÞed in Guadeloupe by Sauvion et al. (1999) .
The goal of this study was to determine the qualitative population trends of B. tabaci parasitoids in different agricultural areas from Guadeloupe. We carried out continuous cultures of tomato, cabbage, and poinsettia at three sites with different climatic conditions and cropping systems; these crops were regularly infested with B-biotype sweetpotato whiteßies. The study was conducted from February 1998 to March 2002.
Materials and Methods
Test Sites. The experiments were carried out in Guadeloupe, a small tropical island located in the Caribbean (16ЊN, 61ЊW) . The insects were studied at three locations. In Petit-Bourg (Duclos), the climate is humid tropical, with 2.8 m mean annual rainfall, 1.3 m potential evapotranspiration, and 23.5ЊC in temperature. The site is closed to the rain forest and is surrounded by a mosaic of sugarcane and food crops. The two other sites have a more pronounced dry season. Mean annual rainfall is 1.2 m at Vieux-Habitants (Bel-Air) and 1.6 m at Petit-Canal (Godet), mean annual potential evapotranspiration is 1.5 m at both sites, and mean annual temperature is 25ЊC at Vieux-Habitants and 26ЊC at Petit-Canal. The site at Vieux-Habitants is closed to the semideciduous forest and is surrounded by a mosaic of fruit and food crops. At Petit-Canal, the lanscape is mainly sugarcane, pasture, and some food crops. The distance between the Petit-Bourg and Vieux-Habitants sites is 18 km, but these localities are separated by a 1,000-m elevation mountain barrier. The distance between the PetitCanal and Petit-Bourg sites is 29 km; they are separated by urban areas and a narrow sea canal.
Test Plants. Tomato (Lycopersicon esculentum Miller variety Caraṏbo), cabbage (Brassica oleracea, ssp. acephala de Condolle variety Chou de Copenhagen), and poinsettia (Poinsettia pulcherrima Willd. ex Klotzsch, cuttings from Petit-Bourg) were grown in an insect-proof greenhouse at the INRA Centre (Duclos, Petit-Bourg). Ten plants of 4-wk-old tomatoes, 6-wkold cabbages, and 12-wk-old poinsettia cuttings were transplanted monthly in a three-row Þeld plot, with one plant species on each row (0.8 m between rows). Each new plot was close to the previous plot. Three plots of different ages of transplants were kept in each site, and older plots were continually removed when new plots were established. After their establishment, poinsettia plants were not transplanted but were cut to start a new plot. The only pesticide used was Diazinon, which was applied to all new plots just after transplantation to avoid mole crickets (Gryllotalpa gryllotalpa L.) damage. To ensure signiÞcant whiteßy presence, 500 Ð1,000 B. tabaci B-biotype adults from a laboratory colony (populations from East GrandeTerre, Guadeloupe) were released monthly in the vicinity of the plants at each site.
Insect Sampling. Five to 20 leaves, with at least 10 B. tabaci larvae overall, were collected on each plant species, choosing the most infested leaves. The leaves were taken to the laboratory where they were checked to see if B. tabaci was the only aleyrodid species infesting the leaves. The leaves were then placed in plastic boxes (11 cm in diameter by 8 cm high), with an aerated lid. The emergence of parasitoids was checked daily until 2 wk after the leaves were collected from the Þeld. Emerged parasitoids were then identiÞed using a binocular microscope and taxonomic keys (Polaszek et al. 1992 , Schauff et al. 1996 , Evans and Polaszek 1998 . The number of emerged whiteßies and number of emerged parasitoids by species were recorded. Each site was sampled bimonthly; the data were summed to get monthly data. In Petit-Bourg and Petit-Canal, the study was carried out from February 1998 to March 2002; in VieuxHabitants, the study was carried out from January 1999 to September 2001.
Statistical Analyses. The mean parasitoid efÞcien-cies were calculated per plant and site over time, confounding all species. Mean efÞciency ϭ 100 (number of emerged parasitoids/number of emerged whiteßies and parasitoids). Data with Ͻ30 B. tabaci and parasitoids collected were not taken in account. Analysis of variance (ANOVA) was carried out, using Systat software (SPSS 1998) , to analyze differences between plants and sites and interactions between these two factors. Least square means were used as results.
To analyze the parasitoids diversity, we calculated two variables from the monthly data obtained in each site (data from the different host plants were bulked): the Shannon Index (SI) and the relative abundance of E. sophia (RA).
where p i is the ratio between the number of emerged parasitoids for the species i and the total number of emerged parasitoids for the n species (McArthur and McArthur 1961) .
RA is the ratio between the number of emerged E. sophia and the number of emerged parasitoids; data with Ͻ25 emerged parasitoids were not taken in account.
ANOVA was carried out to analyze differences between years, months, sites, and interactions between these factors, excepted the triple interaction. A Bonferroni pairwise mean comparisons post hoc test was used to rank the modalities.
Results and Discussion
A total of 5,620 parasitoids, belonging to nine species, were collected from 1998 to 2002 in three sites on tomato, cabbage, and poinsettia plants. (Table 1 ). The differences between the hosts were not signiÞcant (df ϭ 2, F ϭ 1.15 P ϭ 0.32). The differences between sites were signiÞcant (df ϭ 2, F ϭ 3.35, P ϭ 0.04).
Interactions between sites and hosts were not significant (df ϭ 4, F ϭ 1.16, P ϭ 0.33). Petit-Canal and Vieux-Habitants, which have a similar climate but very different environment, showed the highest difference. The highest percentage of parasitism in B. tabaci was observed in Vieux-Habitants; this may be explained by population levels that are relatively low in this area (mean whiteßy samples of 41 per month compared with 66 in Petit-Bourg and 87 in Petit-Canal). This is in accordance with Gerling (1996) , who observed that natural enemy activity may be insufÞcient by itself to prevent outbreaks when whiteßy populations are high.
Parasitoid Species. Nine species of parasitic Hymenoptera were collected during the study (Table 2;  identiÞcation reports CIRAD 14926 Ð14934, 16008 Ð16011; 16014 Ð16016). Seven species of Encarsia (Aphelinidae), one Signiphoridae (Signiphora sp.), and one Platygastridae (Amitus bennetti Viggiani and Evans) were recorded. Among the Encarsia, one is represented only by two specimens and has not been identiÞed; another Encarsia, probably E. parvella, was collected and is still under determination; our specimens have to be compared with the reference type; Encarsia tabacivora Viggiani was synonymized with E. pergandiella Howard by Polaszek et al. (1992) . However, recent biological observations and some morphological features seem to show that E. tabacivora (replacement name for E. bemisiae De Santis) is a valid species, speciÞc to the Bemisia complex (A. Polaszek, personal communication) . No parasitoid survey in Guadeloupe had been made before 1985. J. Etienne (personal communication) Þrst observed E. nigricephala Dozier, and E. formosa Gahan was at least present on the island since 1991; likewise. Encarsia nr. hispida De Santis, E. sp. (parvella group), and E. tabacivora were present at that time. Four species previously observed from the B. tabaci complex in Guadeloupe (J. Etienne and G.D., unpublished data) were not collected in this study: E. basicincta Gahan, recorded once in 1991; Encarsia nr. porteri (Mercet), recorded once in 1991; E. quaintancei Howard, observed twice in 1995Ð1998; and Eretmocerus tejanus Rose and Zolnerowich, collected several times in various localities from Guadeloupe (Grande-Terre and Basse-Terre). Some of these species were also recorded by Polaszek et al. (1992) , but none of them had been collected before 1990. All the species collected in Guadeloupe, except E. sophia (Girault and Dodd) are found in the Americas, mostly in neotropical areas. E. sophia was described from Australia and is of Old World origin (Heraty and Polaszek 2000) , whereas the above-mentioned members of the parvella and cubensis groups are mostly of New World origin. In Guadeloupe, E. sophia, not recorded before 1997, was probably introduced around that time.
Parasitoid Diversity and Relative Abundance. E. sophia was the predominant species in each location (at least 77%), followed by E. sp. (parvella group) (5.2Ð14.1%) and E. tabacivora (0.9 Ð 4.9%; Fig. 1 ). In Petit-Canal, diversity of the parasitoids was the lowest, with six species, and E. sophia occurrence the highest (92.4%). This area is characterized by sugarcane monoculture and vegetable crops with intensive chemi- Fig. 1 . Relative abundance of the three main B. tabaci parasitoid species among three locations, confounding host plant data (mean over 18 mo Ϯ SE; data with Ͻ25 emerged parasitoids were not taken in account). cal control that are known to adversely affect parasitoids. The greatest diversity and the lowest occurrence of E. sophia was observed in Petit-Bourg (seven species, 77.7% E. sophia) and Vieux-Habitants (eight species and 84.8% E. sophia). Petit-Bourg and Vieux-Habitants had no intensive vegetable crops around the experimental plots. A tropical rain forest or a semideciduous forest was very close to the plots, which is favorable for insect biodiversity (Hoelmer 1996) . In a survey carried out in Guadeloupe , the most frequent species belonged to the E. parvella group (48.9%) and to E. nigricephala (23.5%). In our study, these two species represented only 12.4 and 0.16% of the parasitoids; however, the locations and periods of sampling were not indicated in their study. In other areas surveyed in the Americas, the most common parasitoids belong to the parvella or cubensis groups (E. nigricephala and E. quantancei for the latter group) (McAuslane et al. 1993 , Riley and Ciomperlik 1997 , Stansly et al. 1997 , Bogran et al. 1998 , Simmons 1998 , Smith et al. 2000 . Other species were reported only from 12 to 25% in Costa Rica, Honduras, and the Dominican Republic. Guadeloupe therefore exhibits an unique complex, most represented by the dominant E. sophia. Diversity pattern was statistically analyzed through two variables: the Shannon index and relative abundance of E. sophia. ANOVA on Shannon index showed signiÞcant effects of site, year, and signiÞcant interaction between year and site (Table 3) . Diversity was signiÞcantly higher in Petit-Bourg than in Petit-Canal (Fig. 2 ). Vieux-Habitants had an intermediate level of diversity. Diversity increased from 1998 to 2000 (Fig. 3) without signiÞcant difference, probably because of the lack of data in Vieux-Habitants in 1998; this tendency stopped in 2001 as indicated by the diversity signiÞcantly lower than in 2000. Those differences were more important in Petit-Bourg than in the two other sites. ANOVA on relative abundance of E. sophia showed signiÞcant differences for the parameters year, site, and interactions between year and site (Table 3). Because we kept data with at least 25 parasitoids sampled, no data were available for November and December. Therefore, month effect was not studied. Relative abundance of E. sophia was higher in Petit-Canal and Vieux-Habitants, which are drier than Petit-Bourg (Fig. 2) The introduced E. sophia seems therefore to have displaced or eliminated other, mostly native, parasitoids. Nevertheless, other parasitoids were more frequent after 1998, except during the dry year of 2001. E. sophia might be adapted to dry conditions and might also have alternative hosts. Pedata and Viggiani (1993) listed 10 hosts for this species, and more recently, Heraty and Polaszek (2000) listed 4 additional aleyrodid hosts. The data are not available for some Encarsia spp. that are not deÞnitely identiÞed; however, in Guadeloupe, only one or two hosts are known for the Encarsia species other than E. sophia (J. Etienne and G. D., unpublished data). Namely, the hosts are in the Bemisia tabaci complex and Trialeurodes vaporariorum (Westwood). Moreover, E. sophia is now widely distributed and recorded in various climatic conditions, in wet tropical countries, in subtropical areas with a pronounced dry season, and in the Mediterranean region. The populations of E. sophia were in a sex ratio of 84 Ð16% (female: male). The males probably develop as hyperparasites of several primary hosts based on observations of specimens reared from Dia- phorina citri Kuwayama in China and Aphis gossypii Glover in Cameroon (G.D., unpublished data). It is therefore possible that they developed also as hyperparasites of other parasitoids of Bemisia, and as such, limit their populations. Guadeloupe seems to have a high diversity of parasitoids associated with B. tabaci for a small insular territory, with at least seven species of Aphelinidae, one Platygastridae, and one Signiphoridae (latter probably hyperparasitic). Petit-Canal, with few plant biomass and diversity, had low diversity of parasitoids and low control of whiteßies. The richest localities corresponded to very diverse cropping systems and ecosystems. The relationship between agroecosystem characteristics and parasitoids diversity should be tested through and adapted design experiment. We underline that the parasitoid fauna can change qualitatively on relatively short periods, even in the absence of new pest introduction. In our case, it was probably caused by a E. sophia introduction, which had negative effects on parasitoid diversity; a progressive adaptation of indigenous parasitoid fauna to the introduced parasitoid species occurred and led to an intermediate situation.
